The contribution of neuropeptide Y (NPY), deriving from adrenal medulla, to the adrenosympathetic tone is unknown. We found that in response to NPY, primary cultures of mouse adrenal chromaffin cells secreted catecholamine, and that this effect was abolished in cultures from NPY Y1 receptor knockout mice (Y1؊͞؊). Compared with wild-type mice (Y1؉͞؉), the adrenal content and constitutive release of catecholamine were increased in chromaffin cells from Y 1؊͞؊ mice. In resting animals, catecholamine plasma concentrations were higher in Y1؊͞؊ mice. Comparing the adrenal glands of both genotypes, no differences were observed in the area of the medulla, cortex, and X zone. The high turnover of adrenal catecholamine in Y 1؊͞؊ mice was explained by the enhancement of tyrosine hydroxylase (TH) activity, although no change in the affinity of the enzyme was observed. The molecular interaction between the Y 1 receptor and TH was demonstrated by the fact that NPY markedly inhibited the forskolin-induced luciferin activity in Y 1 receptor-expressing SK-N-MC cells transfected with a TH promoter sequence. We propose that NPY controls the release and synthesis of catecholamine from the adrenal medulla and consequently contributes to the sympathoadrenal tone. (3, 4) . NPY is an important neurotransmitter of the sympathetic function that potentiates the catecholamine vasoconstrictor activity through the Y 1 receptor and exerts prejunctional inhibitory effects on NE release from the sympathetic nerve endings of the heart through the Y 2 receptor (5). In addition, the nerve terminals of parasympathetic neurons in the mouse heart possess Y 2 receptors, which, when activated, reduce acetylcholine release, also causing an inhibition of the parasympathetic nervous system (6). We have shown that NPY Y 1 knockout mice (Y 1 Ϫ͞Ϫ) lose their ability to potentiate NE-induced vasoconstriction and have normal blood pressure, probably indicating a minor role of NPY in the maintenance of blood pressure homeostasis (7). Recently, these mice were investigated for their cardiac sympathovagal balance in baseline conditions and during an acute social challenge. Reduced somatomotor activity during nonsocial challenges, lower heart rate in baseline conditions, and larger heart rate responsiveness during social defeat were reported (8). Besides its presence in nerve endings, NPY is produced by chromaffin cells of adrenal medulla of different species, including human (9). The mouse has higher adrenal NPY content than rat, pig, or humans (10, 11). The effect of NPY on the adrenal medulla is controversial. NPY stimulated catecholamine release from intact rat adrenal capsular tissue (12), although an inhibitory effect of NPY on catecholamine secretion in rat adrenomedullary primary cell cultures was also observed (13). Moreover, there is a weak inhibitory effect of NPY on NE and epinephrine (EP) release from bovine chromaffin cells, evoked by addition of a cholinergic agonist (14, 15). However, depending on the experimental conditions, conflicting results were obtained. In perfused bovine adrenal gland, NPY stimulated the secretion of catecholamine in the presence of cholinergic agonists (14, 15). The exact subtype(s) of the NPY receptor(s) involved in the modulation of bovine catecholamine secretion remain(s) undefined, although the presence of NPY Y 1 and the Y 3 receptors has been reported (16-18). In human chromaffin cells, we demonstrated that NPY stimulates basal release of catecholamines through a receptor that exhibits a Y 3 pharmacological profile (9).
adrenal gland ͉ tyrosine hydroxylase ͉ Y1 knockout mice N europeptide Y (NPY) is a 36-aa peptide coreleased with norepinephrine (NE) during sympathetic nerve activation (1, 2) . NPY acts through different G protein-coupled receptors termed Y 1 , Y 2 , Y 3 , Y 4 , and Y 5 (3, 4) . NPY is an important neurotransmitter of the sympathetic function that potentiates the catecholamine vasoconstrictor activity through the Y 1 receptor and exerts prejunctional inhibitory effects on NE release from the sympathetic nerve endings of the heart through the Y 2 receptor (5). In addition, the nerve terminals of parasympathetic neurons in the mouse heart possess Y 2 receptors, which, when activated, reduce acetylcholine release, also causing an inhibition of the parasympathetic nervous system (6) . We have shown that NPY Y 1 knockout mice (Y 1 Ϫ͞Ϫ) lose their ability to potentiate NE-induced vasoconstriction and have normal blood pressure, probably indicating a minor role of NPY in the maintenance of blood pressure homeostasis (7) . Recently, these mice were investigated for their cardiac sympathovagal balance in baseline conditions and during an acute social challenge. Reduced somatomotor activity during nonsocial challenges, lower heart rate in baseline conditions, and larger heart rate responsiveness during social defeat were reported (8) . Besides its presence in nerve endings, NPY is produced by chromaffin cells of adrenal medulla of different species, including human (9) . The mouse has higher adrenal NPY content than rat, pig, or humans (10, 11) . The effect of NPY on the adrenal medulla is controversial. NPY stimulated catecholamine release from intact rat adrenal capsular tissue (12) , although an inhibitory effect of NPY on catecholamine secretion in rat adrenomedullary primary cell cultures was also observed (13) . Moreover, there is a weak inhibitory effect of NPY on NE and epinephrine (EP) release from bovine chromaffin cells, evoked by addition of a cholinergic agonist (14, 15) . However, depending on the experimental conditions, conflicting results were obtained. In perfused bovine adrenal gland, NPY stimulated the secretion of catecholamine in the presence of cholinergic agonists (14, 15) . The exact subtype(s) of the NPY receptor(s) involved in the modulation of bovine catecholamine secretion remain(s) undefined, although the presence of NPY Y 1 and the Y 3 receptors has been reported (16) (17) (18) . In human chromaffin cells, we demonstrated that NPY stimulates basal release of catecholamines through a receptor that exhibits a Y 3 pharmacological profile (9) .
In the present study, we investigated the effect of NPY on catecholamine release from mouse chromaffin cells. Using Y 1 Ϫ͞Ϫ mice, we studied the changes resulting from the lack of the Y 1 receptor on catecholamine release and synthesis from the mouse adrenal gland. In addition, we compared baseline plasma NE and EP concentrations in Y 1 Ϫ͞Ϫ mice with those in Y 1 ϩ͞ϩ animals to establish the contribution of the Y 1 receptor on adrenal medulla catecholamine synthesis in vivo.
Results
Plasma Catecholamine Concentrations. The baseline plasma NE and EP concentrations were increased in Y 1 Ϫ͞Ϫ compared with Y 1 ϩ͞ϩ mice (Fig. 1) . In Y 1 Ϫ͞Ϫ mice, plasma NE was 4.3 Ϯ 0.9 nM in male and 3.3 Ϯ 0.3 nM in female and in Y 1 ϩ͞ϩ mice, it was 2.8 Ϯ 0.4 nM in male and 2.4 Ϯ 0.7 nM in female (P Ͻ 0.05 between Y 1 Ϫ͞Ϫ and Y 1 ϩ͞ϩ). In Y 1 Ϫ͞Ϫ mice, plasma EP was 1.1 Ϯ 0.2 nM in male and 1.4 Ϯ 0.6 nM in female, whereas in Y 1 ϩ͞ϩ mice, it was 0.6 Ϯ 0.1 nM in male and 0.8 Ϯ 0.5 nM in female (P Ͻ 0.05 between Y 1 Ϫ͞Ϫ and Y 1 ϩ͞ϩ). There was no difference between male and female NE and EP plasma concentrations.
glands from female and male mice lacking the Y 1 receptor (Y 1 Ϫ͞Ϫ) compared with age-matched wild-type animals (Y 1 ϩ͞ϩ; see Fig. 3 (Fig. 3) . On a molar basis, in control animals, adrenals from males contain 1,675 times more catecholamine than NPY, whereas adrenals from females contain 290 times more. In Y 1 Ϫ͞Ϫ mice, adrenals from males contain 1,222 times more catecholamine than NPY, whereas adrenals from females contain 307 times more. The ratio of NE reported to total catecholamine (NE ϩ EP) in the adrenal glands from males and females Y 1 ϩ͞ϩ mice was similar at 29 Ϯ 2% and 27 Ϯ 1%, respectively. The same ratio was observed in Y 1 Ϫ͞Ϫ male and female mice at 30 Ϯ 3% and 24 Ϯ 3%, respectively.
Constitutive and Regulated Release of NE and EP from Chromaffin
Cells from Y1؉͞؉ and Y1؊͞؊ Mice. We measured the spontaneous release of NE and EP from chromaffin cells in vitro during 10 min and found that Y 1 Ϫ͞Ϫ mice secreted a higher amount of catecholamines than Y 1 ϩ͞ϩ mice (Fig. 4) . NE release was 0.52 Ϯ 0.09% of intracellular content in Y 1 ϩ͞ϩ mice compared with 2.3 Ϯ 0.4% in Y 1 Ϫ͞Ϫ mice. EP release was 0.93 Ϯ 0.19% of intracellular content in Y 1 ϩ͞ϩ mice compared with 3.4 Ϯ 0.5% in Y 1 Ϫ͞Ϫ mice. When chromaffin cells were incubated with nicotine (100 M) for 10 min (Fig. 4) , there was a significant increase in the release of NE and EP (17-and 4-fold increase, respectively). However, nicotine was less potent to stimulate NE and EP secretion from Y 1 Ϫ͞Ϫ chromaffin cells (3-and 2-fold increase for NE and EP, respectively). Leu, 34 Pro]NPY 100 nM) or PYY (100 nM) on NE and EP release was similar to the stimulatory effect of NPY on chromaffin cells obtained from control animals (Fig. 5) . (Fig. 7) . We found that the V max values for TH activity were significantly higher in the adrenals of Y 1 Ϫ͞Ϫ mice compared with wild type, both in males and females ( Fig. 7C ; P Ͻ 0.01); K m values were not significantly different, indicating no differences on TH affinity between the two genotypes. These biochemical differences are consistent with a tight down-regulation of TH synthesis through the activation of the Y 1 receptor.
NPY Effect on TH Promoter Activity. To evaluate at the molecular level the action of NPY on TH gene transcription, we transfected the Y 1 -receptor-expressing cells SK-N-MC with a plasmid containing a 775-bp stretch of the rat TH promoter (Ϫ774 to the CTG initiation site). This stretch contained most transcription factorbinding sites, including the AP1, the SP1, the POU Oct, the GRE, and the two AP2 sites, as well as the cAMP response element sequence (Ϫ45 bp) that was shown to be the prime regulator of TH transcription (19) . Incubation of transfected cells for 6 h with forskolin increased TH promoter-driven luciferase activity in a concentration-dependent way (Fig. 8A) . Maximal luciferase stimulation was achieved with forskolin concentrations Ͼ10 M, and the EC 50 value was 1.43 Ϯ 0.089 M. This effect was concentrationdependently decreased when cells were incubated with NPY (Fig.  8B ). Concentrations as low as 10 nM NPY inhibited EC 50 forskolininduced luciferase activity by up to 70%, and IC 50 was 1.50 Ϯ 0.47 nM (Fig. 8B ). This effect was specific to the Y 1 receptor, because the Y 1 antagonist BIBP3226 prevented TH promoter inhibition by NPY (Fig. 8C) . Whether NPY inhibitory effects were transient or required long-lasting Y 1 signaling was investigated by incubating TH-transfected SK-N-MC cells with NPY for different periods before and after forskolin stimulation. As shown in Fig. 8D , a weak but significant inhibition of forskolin-induced TH promoter-driven luciferase activity was achieved when cells were incubated with NPY for up to 16 h before forskolin stimulation. However, maximal inhibition was achieved when NPY was present 1 h before forskolin addition. Surprisingly, significant inhibition was also observed when NPY was added 30 min after forskolin (Fig. 8D) .
Whether forskolin-mediated increase in luciferase activity in transfected cells is mediated by PKA or PKC was further investigated by using specific inhibitors. As shown in Fig. 8E , the PKA inhibitor H-89 inhibited luciferase activity Ͼ60% at 2 M, and IC 50 was 1.50 Ϯ 0.47 M. In contrast, the PKC inhibitor calphostin C (CalC) had only marginal effect, even at high concentrations (Fig.  8F) . Concentrations Ͼ500 nM resulted in significant cell death (results not shown). The additive inhibitory effect of these compounds with NPY was evaluated. No further luciferase inhibition was observed when cells were incubated with NPY ϩ H-89 or NPY ϩ CalC, as compared with NPY alone.
Discussion
This study shows that the NPY-induced release of catecholamine (NE and EP) from adrenal chromaffin cells is mediated by the Y 1 receptor, because NPY had no effect on catecholamine release from the adrenal glands of mice lacking NPY Y 1 receptor expression.
The effect of NPY is physiologically relevant, because a constitutive release of NPY by the adrenal medulla appears to regulate the secretion of catecholamine by an autocrine mechanism, as shown with human adrenal chromaffin cells (6) . Adrenal glands of Y 1 Ϫ͞Ϫ mice contain higher amounts of NE and EP than Y 1 ϩ͞ϩ mice. This intracellular accumulation of NE and EP within chromaffin cells could be mediated by the lack of stimulation by NPY on catecholamine secretion. Surprisingly, we observed the opposite, because the accumulation of intracellular catecholamine in Y 1 Ϫ͞Ϫ mice leads to a significant increase of NE and EP constitutive release relative to their intracellular content. Thus, catecholamine release is positively regulated by NPY, but it is still unclear how Y 1 Ϫ͞Ϫ mouse chromaffin cells, in addition to doubling their catecholamine concentration, also release in baseline conditions 4-fold more than Y 1 ϩ͞ϩ chromaffin cells. We hypothesized three possibilities to explain these data: (i) an increase of chromaffin cell number and͞or size in the adrenal gland, (ii) a deficiency of catecholamine storage in chromaffin granules, or (iii) an increase of catecholamine turnover rate. The first hypothesis was supported by the increased catecholamine and NPY contents in the adrenals of Y 1 Ϫ͞Ϫ mice, because a trophic effect of catecholamines, especially NE, on the cardiovascular system has been demonstrated in several studies (20) (21) (22) (23) (24) (25) (26) . Also, NPY was shown to induce DNA synthesis in a concentration-dependent manner and through the activation of Y 1 receptor in vascular smooth muscle cells (27) (28) (29) , whereas in cardiomyocytes, the trophic effect of NPY is mediated through Y 5 receptors (30) . Nevertheless, trophic actions of catecholamines and͞or NPY do not explain the increased contents observed in the adrenal glands of Y 1 Ϫ͞Ϫ animals, because we did not observe an increased cell number or size in those adrenals compared with controls. That Y 1 Ϫ͞Ϫ chromaffin cells in culture are less prone to release catecholamine upon nicotinergic stimulation compared with basal release might indicate a deficiency in vesicle storage or an increased threshold for a depolarization event. However, this hypothesis is unlikely, because the total amount of catecholamine release induced by nicotine is similar in both genotypes. Therefore, we further investigated the possibility of a molecular interaction between NPY and catecholamine synthesis. Indeed, we found an increase of TH activity with no change in the affinity of the enzyme in the adrenals of Y 1 Ϫ͞Ϫ mice. The effect of NPY on catecholamine synthesis by adrenal medulla has been observed but not explained (31, 32) . i.v. administration of NPY or a Y 1 agonist induced a marked increase of adrenal TH mRNA and TH protein levels, whereas a Y 2 receptor agonist was inactive (31, 32) . On the contrary, NPY inhibits depolarization-induced catecholamine synthesis in rat pheochromocytoma cells (33) . Interestingly, Bornstein et al. (34) showed a marked increase of NPY mRNA and NPY staining in chromaffin cells of adrenal glands in TH knockout mice. This suggests that the increase in NPY expression compensates for the lack of catecholamine production. Because NPY and catecholamine expression and release are regulated by neural input to the adrenal medulla, the increase in catecholamine as well as NPY production may partially be the consequence of an increased preganglionic stimulation of the chromaffin cells in both Y 1 and THϪ͞Ϫ mice.
In the present study, we also show that NPY decreases the TH promoter activity in Y 1 receptor-expressing cells, SK-N-MC. The Y 1 antagonist, BIBP3226, prevents this effect. These results indicate that NPY, in addition to controlling catecholamine release, may also regulate NE and EP synthesis by acting directly on TH expression. Indeed, activation of PKA with either forskolin or cAMP analogs leads to a dramatic induction of TH mRNA and TH protein in many different cell types, including SK-N-MC cells (35) (36) (37) (38) (39) (40) . This PKA-mediated response depends on the TH cAMP response element (CRE; see refs. 35 and 41-44) . The CRE (position Ϫ45-38) site within the TH promoter is present in our plasmid and may mediate, at least in part, the forskolin-triggered TH promoter activation. In addition, both the CRE and AP1 (Ϫ201-195) sites appear to mediate PKC-mediated TH promoter activation (35, (45) (46) (47) (48) (49) . Our observed impairment of forskolin- induced TH promoter activation by the PKA inhibitor, CalC, further confirms the reported role of PKA-mediated cAMPdependent signaling in this process. In this context, the absence of additive inhibitory effects of CalC and NPY may be explained by the fact that the CRE-binding protein CREB was also shown to be essential for the response of the TH promoter to PKA or PKC activation (45, 46) . Phenylethanolamine-N-methyl transferase, the enzyme involved in the methylation of NE into EP, is still able to ensure the conversion of NE into EP proportionally to the increase in substrate observed in Y 1 Ϫ͞Ϫ mice, because we found a similar ratio of NE reported to total catecholamine (NE ϩ EP) in the adrenal glands of males and females of both genotypes. This resulted in a higher EP content and release from chromaffin cells in culture, contributing to an increase in the EP plasma levels in those mice. Because EP is produced exclusively by the adrenal medulla, and a 40-50% increase in plasma circulation of EP is observed in Y 1 Ϫ͞Ϫ compared with Y 1 ϩ͞ϩ mice, we estimated that NPY contributed to half of the baseline catecholamine secretory activity of the mouse adrenal medulla.
We observed differences between males and females in catecholamine adrenal content. Adrenal glands from female mice contain less catecholamine than those from males, as described in rats (50) . One possible explanation is that the adrenal medullary content of NE and EP in female rats is under the control of estrogen (51) . The paradoxical fact that catecholamine concentrations in plasma are similar in males and females reflects differences in the level of sympathetic activation, rate of synthesis, release, uptake, and metabolism. Indeed, the degradation of adrenal catecholamine is also affected by sex hormones, and the levels of monoamine oxidase and catechol-O-methyl transferase activity vary during the oestral cycle (52) . Those gender differences may also be a result of differences in the clearance of released NE (i.e., neuronal and extraneuronal uptake). An increase in adrenaline clearance in women is suggested by a study that compared the effects of exogenous EP in men and women (53) . Interestingly, adrenal glands from female mice contain more NPY than those from males. It is tempting to hypothesize that the higher NPY content of female adrenal glands is due to a compensation of lower catecholamine concentration.
Our results shed light on an important role of NPY that controls catecholamine synthesis and secretion in the adrenal gland of mice, by directly acting on TH expression. In conclusion, not only is NPY a neurotransmitter, but it also may act as a hormone to finely tune the adrenosympathetic tone.
Materials and Methods
Peptides and Chemicals. [ 31 Leu, 34 Pro]NPY and PYY were purchased from Nova Biochem. The stock solution of forskolin (Sigma) was 100 mg͞ml in ethanol. The NPY stock solution was 200 M in H 2 O. H-89 (a PKA inhibitor) and CalC (a PKC inhibitor) were from Calbiochem. Stock solutions (25 mM for H-89 and 0.8 mM for CalC) were prepared in dimethyl sulfoxide. FCS was obtained from Seromed Biochrom, Berlin; and collagenase type I, nicotine, and DNase were from Sigma. The Y 1 antagonist, BIBP3226 was a kind gift from K. Hofbauer (Novartis, Basel).
Animals. We used 3-mo-old male and female Y 1 Ϫ͞Ϫ mice (7) and their corresponding Y 1 ϩ͞ϩ mice (C57BL͞6). They were backcrossed for eight generations on a C57BL͞6 background (Iffa Credo) by crossing homozygous Y 1 Ϫ͞Ϫ with C57BL͞6 Y 1 ϩ͞ϩ mice. Heterozygous mice were then crossed together to produce homozygous mutants (Y 1 Ϫ͞Ϫ) and wild-type control littermates (Y 1 ϩ͞ϩ).
Adrenal Gland and Chromaffin Cell Culture. Mice were manipulated during 3 weeks and were killed by decapitation. Adrenal glands were rapidly dissected out and flash-frozen in liquid nitrogen before catecholamine and NPY assays. The cell culture was performed as described (54) . Briefly, freshly collected adrenal glands were cleaned of fat tissue and digested in 1 ml of a 0.3% collagenase type I solution containing 0.02% DNase. The cells were cultured in 48 multiwell plates (75,000 chromaffin cells per well) and maintained during 2-4 days at 37°C with 5% CO 2 . Cell viability, as determined by trypan blue dye exclusion, was generally Ͼ95%.
RT-PCR.
To determine the presence of NPY Y 1 , Y 2 , and Y 5 receptors, total RNA was extracted from frozen adrenal glands, and RT-PCR was carried out as described (30) .
NE, EP, and NPY Quantification in Adrenal Glands. Adrenal glands were sonicated in 0.4 M perchloric acid, and catecholamine was extracted from the homogenate by adsorption on alumina, eluted and separated by HPLC, and quantified by electrochemical detection (55) . The NPY content in adrenal glands was determined after sonication of the glands in Krebs buffer (111 mM NaCl͞2.5 mM CaCl 2 ͞4.7 mM KCl͞1.2 mM MgSO 4 ͞1.2 mM KH 2 PO 4 ͞24.8 mM NaHCO 3 ͞11.1 mM glucose͞15 mM Hepes, pH 7.4) with 0.08% Tween 20 (Pierce) followed by centrifugation. NPY was measured by ELISA (56) . Results were expressed in fmol NPY or pmol NE or EP per microgram of protein.
NE and EP Determination in Mouse Plasma. Mice were anesthetized with halothane and underwent catheterization of the carotid artery for blood sampling, heart rate, and blood pressure monitoring. Mice were allowed to recover from anesthesia for 4 h, and 0.2 ml of blood was collected and centrifuged immediately at 2,000 ϫ g (57) ; this method of blood collection is one of the less stressful for measuring catecholamine in mice (57) . Plasma was separated and frozen at Ϫ80°C until assayed. NE and EP in plasma were extracted on alumina and measured by HPLC with electrochemical detection (ED) (55) .
Catecholamine Release Experiments in Mouse Chromaffin Cells. The release experiments were performed as described (9) . Briefly, chromaffin cells were incubated for 10 min with Krebs buffer (basal) or Krebs buffer with drugs. The released catecholamine in supernatants was measured by HPLC-ED and ELISA, respectively. Catecholamine release was expressed as the percent of total catecholamine content in chromaffin cells.
Morphometric Analyses of Mouse Adrenal Glands. Adrenal glands were carefully dissected, measured, weighed, and immersed in 4.5% phosphate-buffered formalin (pH 7) and rinsed in PBS. During the cutting step of the adrenals, all macroscopic lesions such as nodules, areas of necrosis, hemorrhage, or cyst formation were analyzed. If no macroscopic lesions were found, the gland was processed. All samples were embedded in paraffin wax by using standard methods. Four-micrometer sections of the whole adrenals were made and stained with hematoxylin͞eosin. Morphometric analysis was performed, and the area of a series of sections was measured in triplicate for each section. The mean area of the largest section was evaluated. The architecture of the adrenal cortex and medulla was analyzed.
Determination of TH Activity. Twelve-week-old wild-type and Y 1 Ϫ͞Ϫ mice were anesthetized with 60 mg͞kg pentobarbital. Left and right adrenal glands were removed, fat was discarded, and they were rapidly frozen at Ϫ80°C. TH activity was measured as described (58) . In brief, the adrenal gland was homogenized in 1.5 ml of a 0.25 M sucrose solution by using a glass homogenizer, and an aliquot of 40 l was used for each TH assay. The reaction mixture for the TH assay contained 0.1 M sodium acetate buffer (pH 6.0) and 1 M 6-methyl-5, 6, 7, 8-tetrahydropterine (BH 4 ) in 1 M 2-mercaptoethanol͞0.50 mM ferrous sulfate heptahydrate. In the standard assay, 10-min incubation at 37°C was performed with a saturating concentration of substrate L-Tyr (100 M), and the reaction was stopped with 300 l of 0.5 M perchloric acid. In the blank incubation, L-Tyr was replaced by 100 M D-Tyr, and 100 M 3-iodo-L-Tyr, a TH inhibitor, was present. For TH kinetic analysis, the same experimental conditions were used except for increasing concentrations of either L-Tyr (10-400 M) or 6-methyl-5,6,7,8-tetrahydropterine (50-1,600 M). The [L-3,4-dihydroxyphenylalanine (L-DOPA) formed in the reaction was measured by HPLC-ED after the alumina adsorption method, as described (59) . TH activity was expressed as the amount of L-DOPA formed per milligram of protein per hour.
Study of TH Promoter Activity. SK-N-MC cells (that express the Y 1 receptor) were transfected with a plasmid encoding the firefly luciferase gene under the control of a 775-bp stretch of the human TH gene (Ϫ774 to the CTG initiation site), a kind gift of Faucon Biguet (Centre National de la Recherche Scientifique, Hôpital Pitié-Salpêtrière, Paris). Transfection was carried out by electroporation (10 g of plasmid for 5 ϫ 10 6 cells) at 960 F and 280 V in complete culture medium (DMEM supplemented with 10% FCS͞10 mM Hepes͞1% nonessential amino acids) by using a Bio-Rad GenePulser apparatus. This routinely resulted in 50-70% transfected cells, as assessed by fluorescence (FACS) analysis of cells electroporated under the same conditions with an EGFPencoding plasmid (not shown). Cells were washed and allowed to recover for 24 h, then seeded (10 5 cells per well) in 48-well plates in DMEM supplemented with 2% FCS. After 24 h, cells were incubated with the test drugs. To prevent NPY absorption to plastic, NPY solutions were prepared in DMEM supplemented with 0.2% FCS and 0.0001% Tween-20. This medium only marginally (4-8%) inhibited forskolin-induced TH luciferase activity (data not shown). Determination of luciferase activity was performed by using the luciferase kit (Promega) according to the manufacturer's recommendations.
Statistical Analysis. Statistical comparisons were performed by
